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Generic phenomenological
problems in BSM

® B L violation
® Flavor, CP violation

® Electroweak precision

Impose symmetries to forbid
dangerous terms!



Discrete Symmetry
(e.g. R-, T-, KK- parity)

o B I_Kﬂation
o Ele%veak precision

Side effect: lightest odd particle
stable DM candidate



Minimal Flavor Violation

Flavor symmetry broken only by SM Yukawas

® B L violation

® Flavm%violation

® Electroweak precision

Can MFV provide a DM candidate!?



MFV in a nutshell

D’ Ambrosio et al.’02

—Ly D QYddRH + QYUJURI‘]]L + h.c.,

In the limit Y,, 4 — 0 SM quark sector
exhibits large global flavor symmetry:

G, =SU3)g X SU(3)u, X SU(3)a,

UR

MFV Hypothesis:

In the presence of new physics, the SM
Yukawas are the only source of flavor breaking

» Built-in protection against large FCNCs



Basic Idea: Give Darlk Matter Flavor!

Add new matter multiplet X :

- color singlet
- contains electrically neutral component
- transforms nontrivially under GG,

X (nQ7mQ)Q X (nuamu)uR X (ndvmd)de

For which reps is X stable, if MFV is imposed?



Stability:

Odecay — X

For each SU(3);, with i =¢,Q,ug,dr ,
Ouecay regarded as tensor product (p,q):

Odecay is a singlet under color and flavor
only if triality vanishes:

tzz(p—Q)szdSZO, Z.:Cv Qa UR; dR-



Triality conditions:
= (A-B+C—-D+E—-F)mod 3 =0,
tQ—(nQ mo+A—B+G—H+1—J)mod 3 =0,
= (ny—my+C—D—G+H) mod 3 =0,
= (ng—mg+E—F—I+.J)mod3 = 0.

tQ +tup +tig —tc =0 * Odecay is allowed Only if

(n —m)mod3 =0 P =NQ T Mug T
m=mqQ + Myy + Mdg

X is stable if

(n —m)mod 3 # 0




Lowest Dimensional Reps:

(n,m)|| SU@B)g X SU(3)uy X SU(3)a, | Stable?
(0,0) (1,1,1)
(1,0) (3,1,1), (1,3,1), (1,1,3) Yes
(0,1) (3,1,1), (1,3,1), (1,1, 3) Yes
(2.0) (6,1,1), (1,6,1), (1,1,6) Voo
(3,3,1), (3,1,3), (1,3,3)
oz | GLDAEDOLE
(3,3,1), (3,1,3), (1,3,3)
(8,1,1), (1,8,1), (1,1,8)
(1,1) (3,3,1), (3,1,3), (1,3,3)
(3,3,1), (3,1,3), (1, 3,3)

Many possible models of flavored dark matter!




Example: SU(3)q triplet, gauge singlet, scalar

S~ (1,1,0)sm x (3,1,1)¢,

Mixing with SM Higgs
T
L=0"5:0,S; — V(Si, H) + Lo,

Effective operators
coupling DM to SM quarks



Scalar potential:
V D m%S*(a 17;3' + b (Y YT)fij + . )S]
208 (a1 + 0 (Y, Y. +...)S; H'H,
L MFV allows insertions
of Yukawa Spurlons
Rotate to background values: Y; = A\g, Y, — VA,
Diagonalize: S — V1§

Spectrum:

Normal Inverted




Work in EFT:

Oljke = (Qi7" Q) ({00 0)
.5 zgke = (ug zV“uRJ)(Skﬁ St),
Lepy = A2 Z CiineOijre wk@ = (dg m"dRJ)(Ska Se),
zgke = (Qiur;)(SiSe)H' + h.c.,
wke = (QidRr;)(SpS¢)H + h.c.,

1 : :
Cijke include all possible MFV flavor structures

;,ijg = c; 110 + el + c3(Y, YT)ZJ 19,
c.g. + i1 (Yo Y Do + ez (YYD iels;
-+ C%*]_Zg(YuYJ)kJ + ... ]



Focus on one operator, one flavor structure:
C A *
Left = F[Qisi][sj (Ya)jrdre)H + h.c

After EWSB and diagonalization:

cC vV - .
Lot = 15 \/i[dLi‘/;J;-Sj][Sk(V)\d)kngg]+h.c..
Normal Inverted
Focus on Ss is the

1,2 —

inverted = DM
spectrum candidate




Relic Abundance:

C _
Log D Fmb|%b|2S§SSbLbR + h.c. + ...

Dominant annihilation mode: S3Si — bb
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Direct Detection°

R
Lop > R0l Zmd Vai|2S% Ssdid;.

note CKM suppression
for Ist,2nd generation

only b - quark content in nucleon relevant for scattering

_ 2
frb = (n|mpbb|ln) = mn2—7 }C% ~ (.04,

S| DM-nucleon scattering cross section
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Flavor constraints? ] - d\\/
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suppressed by
me /miy, ~ 107°
compared to SM

Monojet constraints!?

= [dLZVTS HSZ(VAd)kEdRE] + h.c. .

\AQ\/7

Couplings Yukawa, ~ 4id; — SkS,
CKM suppressed negligible



LHC signatures: Heavy Dark Flavors

Many possible production mechanisms in general:

- Direct production
- Produced in decay of flavored connector
- Produced in decay of resonance, e.g. Higgs

Heavy dark flavors may be stable or unstable

- If stable, then multi-component DM (spectroscopy?)
- If unstable, typically decay modes flavor-sensitive



Decays of heavy flavors

Log O %mbvtbvg;sgsmblg
-5V Vi Sy Sidrba + hie.
53
Sy — S3sb, Si 0
S1 — Ssdb.
b
Ly sy = \C‘vaﬁimfm?
51272 A prompt

~ 10 y 25 GeV \ A ! d
o R m; 200 GeV | ecdy



Example: production via Higgs decay

— 7 — 0te

pp % hZ My, |11 |12 | 1113 Xl XQ Xg
T 17 120| 25 [ 25| 10 [0.15|0.15]0.01
| h — S7S51 — bbddS5Ss3,
h — 5559 — bbss55Ss3.
MadEvent (signal), Herwig++ (backgrounds & showering)
FDM| tf | ZZ |WZ |WW
n; > 1, n =2 and pr;, > 80 GeV 12.7 18903.71202.31168.5(242.2
Fr > 50 GeV 7.8 |5744.1| 20.6 | 20.4 |118.8
Z reconst. and pr,z > 150 GeV, no ARj,,.z < 15| 43 | 99 | 5.8 | 3.8 | 0.7
Adgp,z > 2.0 42 | 46 | 52 | 33 [0.03
b-tag 2.2 2.2 0.2 | 0.1 | 0.01

S/B~1, S/VB~5 with 15 b~ s =14 TeV



Conclusions

- MFV =» novel organizing principle for DM
- Flavor intertwined with DM physics
- Predicts new Heavy Dark Flavors

Future directions

- Extend MFV to leptons -- leptonic DM

- Investigate different flavor representations
- Constrain systematically EFTs of MFV DM
- UV completions for EFTs



